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ABSTRACT 

\ 


Dcvelopment  or  ah  acoustic 

SENSING  AND  TELEMETER ING  SYSTEM 
FOR  USE  ON  CONSTANT  ALTITUDE 
BALLOONS  IS  OESCRIBEO.  EVOLUTION 
OF  THE  SENSORS,  AMPLIFIERS,  TELE¬ 
METRY  TECHNIQUES,  BALLOONS  AND 
SURFACE  DETECTORS  ARE  OUTLINED 
AND  THE  OPTIMUM  SYSTEM  THUS  FAR 
OBTAINED  IS  PRESENTED,  RECORDING 
AND  PROCESSING  TECHNIQUES  APPLIED 
TO  THE  RESULTANT  DATA  ARE  ENUMER¬ 
ATED  AMO  SAMPLES  OF  THE  PROCESSED 
INFORMATION  ARE  INCLUDED.  DEVELOP¬ 
MENT  OF  THE  BALLOON  PLATFORM  USED 
IN  THIS  APPLICATION  IS  OUTLINED., 
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IHTROOUCTION 


The  FLiaHT  or  a  suPCRSowfc  missile  is  attended  by  a  numoer  or  pheno¬ 
mena^  AND  OWE  OF  THE  MOST  NOTA»iC  IS  THE  OEMCRATION  OF  A  SERIES  OF  PRESSURE 
PERTURBAT lows.  ThC  INITIAL  OiSTURBANCC  IS  CAUSED  BY  THE  SUPERSONIC  DIS¬ 
PLACEMENT  or  THE  AIR  MOLECULES  AS  THEY  ARC  THRUST  OUT  OF  THE  PATH  Of  TIC 
VEHICLE.  TmEPMOOYMAMIC  INSTABILSTY  EXPERIENCED  BY  THC  ENVIRONMENT  RESULTS 
IN  THE  TRANSFER  OF  A  LARGE  AMOUNT  OF  CNEROY  FROM  THE  MISSILE  TO  THE  AIR, 

Some  or  this  energy  is  expewoeo  in  ionizing  the  air,  some  is  lost  by  radia¬ 
tion  FROM  the  HEATED  LAYER,  BUT  A  SIBAUFICAMT  FRACTION  Of  THC  TOTAL  AMOUMY 
OF  ENERGY  LOST  BY  THE  MISSILE  IS  COMYERTCO  INTO  PRESSURE  CHANGES  WHICH  MOVE 

AWAY  FROM  THE  POINT  OF  ORIGIN  AT  THC  LOCAL  SPEED  OF  SOUND. 

Small  scale  protuberances  on  the  surface  of  the  missile  may  ocncratc 

AOOITIONAL  shock  FRONTS,  BUT  THE  SECOND  MAUOR  SOURCE  OF  PRESSURE  PCRTURSA- 
TION  energy  IS  THi  CLOSING  SHOCK  WHICH  IS  OBSERVED  AFTER  THE  PASSAGE  OF  THE 

MISSILE.  This  instability  is  causeo  by  the  re-entry  of  the  air  olecules 

INTO  THE  SPACE  VACATED  BY  THE  MISSILE.  ThC  MOLECULES  MOVE  INTO  THIS  VOLUME 

AT  THEIR  KINETIC  VELOCITY,  WHICH  IS  SUPERSONIC,  AND  A  NEW  COMPSE SS I ON AL 
DISTURBANCE  IS  GENERATED  AS  A  RESULT  OF  THE  ACCELERATIONS  INVOLVED,  ThE 
POSITION  THIS  SECOND  SHOCK  FRONT  fS  A  FUNCTION  OF  A  CHARACTERISTIC 
LENGTH,  WHICH  VARIES  WITH  THE  MISSILE  SPEED  AND  THE  NATURE  OF  THE  ENVIRON¬ 
MENT,  The  Mach  angle  of  the  first  shock  front  is  directly  related  yo  the 
missile's  speed  AMO  THE  LOCAL  SPEED  OF  SOUND.  ThE  ENERGY  ADDED  TO  THC 
ATMOSPHERE  DURING  THE  FORMATION  OF  THE  FIRST  SHOCK  FRONT  MAY  SIGNIFICANTLY 
ALTER  THE  LOCAL  SPEED  OF  SOUND,  AND  THUS  THE  MaCH  ANGLE  OF  THE  SECOND  SHOCK 
FRONT  MAY  SC  DIFFERENT  FROM  THAT  OF  THE  FIRST. 

Extensive  data  has  seen  taken  on  the  surface  during  the  flight  of  high 
SPEED  rockets,  LARGELY  CONflRMIN®  THC  ABOVE  DEDUCT  IONS,  On  OCCASION, 

HOWEVER,  DATA  HAS  SEEN  OSSCRVCO  WHICH  COULD  MOT  BE  TRACED  DIRECTLY  TO  THE 
POINT  or  BRIGIN  WITH  AVAILABLE  INFORMATION  ON  MISSILE  TRAJECTORY  AND 
ATMOSPHERIC  EFFECTS. 

The  FIRST  ATTEMPTS  TO  OBTAIN  DATA  NEAR  THC  POINT  OF  ORIGIN  WERE  MADE 
BY  ALTERING  STAHOARO  TCOROLOG I  CAL  SOUND  EQUIPMENT.  A  CRYSTAL  MICROPHONE 
WAS  USED  TO  MODULATE  AN  M/AMT-H  RADIOSONDE  TRAHSMITTCF,  AND  THE  DATA  WAS 
DETECTED  AMO  RECORDED  BY  A  GMD-1  AMO  BrOSH  RECORDER  COMaiMAriON,  TiUS 
SYSTEM  WAS  CARRICO  ALOFT  iY  A  CLUSTCG  OF  THREE  RADIOSO^.'OC  BALLOONS,  Tw© 

OF  THE  BALLOONS  WERE  INFLATED  TO  JUST  SUPPORT  THC  INSTRUMENTATION  AT  A  PRE- 
OCTCRMINCO  HEIGHT  AND  THE  THIRD  BALLOON  WAS  OVERINFLATEO  TO  OBTAIN  AN  EARLY 

©URST,  After  reaching  the  altitude  of  the  first  balloon  burst  the  equip¬ 
ment  WOULD  float  for  SOME  TIME  WITH  RELATIVELY  SLOW  ALTITUDE  CHANGES.  ThIS 
RATHER  COMPLICATED  ARRANGEMENT  COULD  PRODUCE  SIGNIFICANT  DATA  RELATIVE  TO 
EVENT  OCCURRENCE,  BUT  LACKED  THE  REQUIRED  RESPONSE  CHARACTERISTICS. 

As  FREQUENTLY  OCCURS,  THC  DATA  OBTAINED  FROM  THIS  EQUIPMENT  OPENED  NEW 
AREAS  FOR  INVESTIGATION.  A  MORE  ADEQUATE  SYSTEM  COULD  BE  EXPECTED  TO  PRO¬ 
DUCE  INFORHATiOM  WHICH  WOULD  SC  USEFUL  IN  ARRIVING  AT  AN  yNOERSTANO I NG  OF 
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THC  PHYSICAL  PROCESSES  OP  THE  ATMOSPHCRC  A»0  ITS  EFFECT  ON  A  RE-ENTERING 
MISSILE.  The  following  outlines  the  OCVELOPMCNT  of  SUCH  A  SYSTEM. 

QEVCLOPMENT  OF  THE  C0NOCWS£R  MICROPHONE 

A  CONDENSER  MICROPHONE  WAS  DESIGNED  AND  FOUR  PROTOTYPES  WERE  CONSTRUCTED 
FOR  THIS  APPLICATION  (Fra.l)*  TNISrMNStRtMENT  WAS  RATHER  CONPtICATEO  IN  DESIGN, 
DIFFICULT  TO  MANUFAL lURE  ANO  COMPARATIVELY  HEAVY,  BUT  IT  HAD  THE  OISTINCf 
VIRTUE  Of  DOING  AN  EXCELLENT  JOB  IN  SENSING  THE  DESIRED  DATA.  TmE  DIAPHRAGM 
CONSISTED  OF  A  SHEET  OF  SHIM  BRASS  WHICH  WAS  SPACED  SOME  FOUR  THOUSANDTHS 
or  AN  INCH  FROM  TME  PLATE.  PROVISION  WAS  INCORPORATED  FOR  APPLYING  THE 
PROPER  YENSlOU  TO  TME  DIAPHRAGM:  SO*«C  ATTENTION  TO  TME  VENTING  OF  THE  SPACE 
BETWEEN  THE  PLATE  ANO  THE  DIAPHRAGM  WAS  REQUIRED,  BUT  WITH  A  PROPER  BACK-UP 
CMAMISER  THE  CALIBRATION  DATA  PRESCNTEO  IN  FIGURE  2  WAS  OBTAINED  BY  PROFESSOR 

T.  G,  Barnes  and  Professor  H.  N.  Ballard,  utilizing  tecmnioucs  devised  at 

THE  SCMELLENOER  RESEARCH  LABORATORY  Of  TEXAS  WESTERN  COLLEGE. 

Working  under  contract  with  tmc  U.  5.  Army  Signal  Missile  Support 
Agency,  White  Sanos  Missile  Range,  ftew  Mexico,  personnel  of  the  Scmellenger 
Research  Laboratories  developed  improved  production  techniques  which 
resulted  in  a  satisfactory  microphone  while  significantly  reducing  nanufac- 

TURIMO  ANO  CALIBRATING  PROBLEMS.  A  NINRBER  OF  TME  UNITS  WERE  CONSTRUCTED 
ANO  FLOWN  IN  FLIGHT  UNITS  WHICH  WERE  PRODUCED  BY  TME  SCMELLENGER  RESEARCH 

Laboratory. 

Production  of  the  microphone  was  initiated  by  Space  Corporation  of 
Dallas,  Texas,  under  contract  with  the  U.  S,  Army  Signal  Missile  Support 
Agency,  Mr.  Kenneth  McCrum  suggested  and  implemented  the  use  of  a  mylar 
film  for  the  diaphragm  material.  Tmc  outside  surface  of  the  mylar  was 
covered  with  a  thin  metallic  coating  to  serve  as  THC  FLEXIBLE  PLATE  OF  THE 
CONDENSER.  ThE  MYLAH  FILM  WAS,  TMCRCfORC,  BETWEEN  TME  PLATES  ANO  SERVED  TO 
PREVENT  shorting  OF  TMC  POLARIZING  VOLTAGE  WHEN  EXCESSIVE  DISPLACEMENTS 
CAUSED  TMC  DIAPHRAGM  TO  TOUCH  TME  PLATE,  (SCC  FiG,  3.) 

The  mylar  diaphragm  proved  to  be  an  excellent  addition  to  the  system. 

It  was  relatively  IMSENSITIVE  to  THC  TENSION  APPLIED  ANO  THUS  SIMPLIFIED  THE 
JOB  OF  ESTABLISHING  ANO  MAINTAINING  CALIBRATION.  FURTHER  DEVELOPMENT  OF  THE 
MANUFACTUR INQ  TECHNIQUES,  INCLUDING  A  MYLAR  SPACER  RING  TO  PRODUCE  THC 
DESIRED  SEPARATION  BETWEEN  PLATES,  RESULTED  IN  A  UNIT  WHOSE  COST  WAS  LESS 
THAN  10  PERCENT  Of  THAT  OF  THE  ORIGINAL  UNITS. 

Production  of  units  by  Yuba  Consol t dated  Industries  of  San  Carlos, 

California  led  to  the  incorporation  or  a  manufacturing  design  which  again 
materially  simplified  production.  As  is  illustrated  in  Figure  4,  the  unit 
consists  simply  of  a  plate  deposited  oh  a  printed  circuit  board  WHICH  )3 
perforated  to  provide  ventilation  to ! the  back-up  CMAMDER  which  MAO  proved 
to  be  adequate.  a  mylar  spacer  ring  is  then  glued  to  the  board  ANO  A  disc 

OF  COATED  MYLAR  IS  IN  TURN  GLUED  TO  TMC  RING  9Y  USING  A  JIG  WHICH  INTRODUCES 
THE  DESIRED  TENSION  IN  TME  DIAPHRAGM,  ThE  UNIT  HAS  EXCELLENT  HANDLING 


2 


-uHT 


4uiUii. 


■iniimiifQflii 


nr«qu»ne7 


(«P«) 


Fig.  2. 


Calibration  curvc 


rON  AN  CARIT  MODEL  COnOCNSCR 


1 I CROPHONC . 
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CONOCMSCM  MICROPHOM  *N0  BACH-UP  CNAMBCR.  ThC  LOWCII  PAHT  Of  TNC  PH0T06HAPH 
•S  AM  CXPLOOCO  View  Of  TNC  HICMOPNONC  IMCLUOIH6  TNC  MTLAH  OIAPNHAOM 
INCOMPOMATCD  BV  SpaCC  CoBPOMATION  Of’OALLAS,  TCHAS. 
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CNAttACTCR iSr ICS.  TnC  HARO  TOSC  OH  THC  BACK  OT  THC  CIRCUIT  BOARD  IH  F IGURC  ^ 
IS  THC  INRUT  TUBC  NCCCSSANV  TO  MAINTAIN  THC  RCQUINEO  IHPCOANCC  BCTWCCN  THE 
MiCNORHONC  RCATCS. 


THE  TCiJElgm  SYSTEM 

ThC  initial  fLIOHT  UNITS  UCNC  CONSTRUCTCO  BT  RCRSONNCL  or  THC  SCHCLLCN- 
fiCR  RCSCARCH  LABORATOIIY  AND  UCNC  OCSIBMO  rON  ORTIMUM  ORCRATIOK.  OnC  OF 
TMCSC  UNITS  IS  ILLUSTAATCO  IN  f  IBUIIC  5*  CONOCNSCR  MICRORHONC  HAS 

MOUNTCO  IN  THC  TOR  Of  ITS  ACCOUSTIC  BBCK-UR  CHAMBCR.  An  IMRCOANCC  MATCHING 
RRCAMRLiriCN  WAS  MOUNTCO  ON  THC  OAtC  OT  TNC  MICRORHONC,  INS  IOC  THC  BACK-UP 
CHAMOCR.  TnC  AMRLiriCR  WAS  MOUNTCO  tW  TNC  CCNTCR  OF  THC  RACKAOC .  TwO 
RARALLCLUO  RAOIOSOMOC  W^T  CCLI.B  rONMCO  TNC  BASIC  RPWCR  SURRLY,  WHILE  A 
BROUR  or  DRY  CCLLS  WAS  VSCO  TO  ROWCR  TNC  AMRlIlPICR.  SUITABLE  INSULATION 
WAS  USCO  TO  HAINTAIN  A  BCABONABLC  ORCRATINB  TCNRCRATURC  IN  THC  BATTERY  COM- 
RARTWENT.  A  MOOiriCO  AMt-^  RABIOBONOC  TRANBMITTCR  WAS  MOUNTCO  ON  THC  BOTTOM 
or  THC  RACKABC.  IN  THIS  CIRCUIT  TNC  OUTRUT  OT  THC  AMRLIFICR  WAS  COURLCO  TO 
THC  CATHOOC  OT  THC  TRANSMITTCR  TUBC. 

Production  or  tht  rLionr  units  was  bcoun  by  thc  Sracc  Corroration  or 
Dallas,  Texas.  An  inmcoiatc  crroRT  was  naoc  to  rcoucc  thc  dry  cell  battery 

RCOUIRCHCHTS  BY  TRANSISTOR  I Z IHO  THC  AHRLiriCR.  A  RAIN  COVER  WAS  DEVISED  TO 
PROTECT  THC  MICRORHONC  FROM  RRCC IR I  TAT  ION  AND  OTHCR  PARTICULATE  MATTER  EN- 
COUNTCRCO  OUR  INC  THC  ASCCNT.  ThIS  UNIT  IS  ILLUSTRATED  IN  F lOURC  6.  OnE  OF 
TMC  CIRCUITS  DCVCLORCC  BY  THC  SRACC  CORPORATION  IS  SHOWN  IH  F IGURf  7. 

Problems  associated  with  thc  wcibmt  ano  moisture  factors  lco  to  the 

OCVCLORMCNT  OF  A  nT''ROrOAM  CONTAINER  FOR  THC  FLIGHT  UNITS,  ThIS  SYSTEM 
HAS  A  SHOE  BOX  ARRE  1ANCC  WITH  SCRANATC  COMRARTMCNTS  FOR  THC  MICROPHONE, 

TNC  BATTERY,  ANO  THC  ANRLtFICR  TRANSMITTCR  SECTION.  (SCC  FlC.  8a  ANO  6e . ) 

TNC  TRANSMITTCR  COMRARTMCNT  WAS  PROVIOCD  WITH  A  SIX-VOLT  RELAY  WHICH,  AT  THE 
eXRCNSC  or  an  CIBNY-MILLIAMRCRC  CURRCNT  ORA  in,  was  held  CLOSCO  UNTIL  THC 
VOiTABC  ORORRCO  BCLOW  A  VALUE  OF  2.^  VOLTS.  At  THAT  TiMC  THC  RELAY  WOULD 
ORCN,  SNORTINB  THC  REMAINING  VOLTABC  ACROSS  A  SQUIB  WHICH  WAS  ARRANGED  TO 
CUT  TNC  CQUIRMCNT  FROM  THC  BALLOON  AND  ALLOW  IT  TO  FALL  AT  A  RATE  CONTROLLED 
BY  THC  RARACHUTC. 

A  MCANS  OF  MAINTAINING  A  CHCCK  ON  TNC  CALIBRATION  OF  THE  SYSTEM  WAS 
ALSO  INCORRORATCO  IN  THC  ABOVC  MOOCL.  TnIS  CHCCK INC  DEVICE  CONSISTED  OF  AN 
PC  CIRCUIT  WHICH  RRCCIRITATCO  THC  FIRING  OF  A  NCON  TUBC.  ThC  RULSC  FROM 
TNC  NCON  TUBC  WAS  RASSCO  TMROUBH  A  MATCNING  TRANSFORMCR  ANO  APPLIED  TO  THC 
riCLO  OF  A  TWO-INCH  SRCAKCR.  An  11-GRAM  WEIGHT  ATTACHCO  TO  THC  OIARHRAGM 
OF  TNC  SRCAKCR  RCSULTCD  IN  A  OCCAYING  OSCILLATION  OF  APPROX IHATCLY  100  CYCLES 
PER  tCCBNO.  QuCSTIONS  RCLATIVC  TO  THC  RCRFORMANCC  OF  THC  AMPLIFIER  RESULTED 
IN  TNC  INCCRRORATION  OF  A  SECOND  SUCH  CIRCUIT  WITH  TMC  OUTPUT  OF  THE  NEON 
TUBC  PLACED,  THROUGH  A  SUITABLE  VOLTAGE  OlViOCR,  ON  THE  INPUT  Of  THE 
AMPLIFIER.  The  OUTPUTS  OF  THC  TWO  CALIBRATION  SYSTEMS  WERE  EASILY  DISTIN¬ 
GUISHABLE.  ThCY  were  each  OCSIGHEO  to  FIRE  AT  PRESET  INTERVALS  BETWEEN 
10  AHO  30  SECONDS. 
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flB.  6.  OlSMAMTLtO  *MC  OVCBAtL  VICW  OT  TMC  FIRST  SrACC  CoRRORRTION 

flisnt  units. 
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THE  CIRCUITS  DEVELOPED  BY  SPACE  CORPORATION  OF 


Fig.  6*.  STYMoroAM  containck  ocvclopco  ron  rcouction  or  weight 

ANO  MOISTURE. 


F iG.  8b.  The  SECOND  Space  Corporation  acoust icsonoc  model. 
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Tut  NCXT  UNIT  WAS  MANur AC TuRr.o  BY  Yuba  Consolidated  Industries  of  San 
Carlos,  California.  This  unit  incorporated  the  condenser  microphone  illus¬ 
trated  IN  Figure  H.  A  number  of  variations  in  both  the  electronics  and  the 
physical  layout  of  the  unit  were  produced.  (See  Fig,  9.) 

THE  BALLOON  PLATFORM 


The  requirement  placed  on  a  suitable  balloon  platform  was  that  it  support 
the  required  payload  at  a  desired  altitude  for  a  /»eriod  in  excess  of  one 
hour.  It  was  not  essential  that  the  altitude  be  maintained  accurately  or 
even  at  a  constant  value,  since  relative  velocities  on  the  order  of  one  mile 
PER  hour  had  no  appreciable  detrimental  effects  on  the  system.  The  normal 
ascent  rate  of  approximately  ten  miles  per  hour  completely  neutralized  the 
acoustic  sensor  as  a  result  of  the  turbulent  flow  around  the  diaphragm. 

A  SLOW  CHANGE  IN  ALTITUDE  AFTER  ASCENT  COULD  BE  TOLERATED. 

Initial  flights  of  the  constant  altitude  accoustic  system  were  accom¬ 
plished  BY  LISE  OF  A  cluster  OF  THREE  RADIOSONDE  BALLOONS.  TwO  OF  THE  fiiefc- 
LOONS  were  INFLATED  ONLY  ENOUGH  TO  SUPPORT  THE  PAYLOAD  OF  THREE  POUNDS  AT 
THE  DESIRED  ALTITUDE.  ThE  THIRD  BALLOON  WAS  OVER  INFLATED  TO  SURST  AT 
APPROX  IMATELY  FEET.  ThIS  APPARATUS  WAS  WORKABLE  BUT  WAS  RATHER 

CLUMSY  AND  UNCERTAIN  IN  OPERATION. 

A  constant  ALTITUDE  BALLOON  OF  AN  EXTREMELY  SIMPLE  TYPE  WAS  PROCURED 

FROM  Raven  Industries,  Incorporated.  It  consisted  of  a  3/4  mil  laminated 

TAILORED  cylinder  SOME  l8  FEET  IN  DIAMETER  AND  26  FEET  LONG.  An  OPENING 
15  INCHES  IN  DIAMETER  AT  THE  BASE  OF  THE  CYLINDER  ALLOWED  FOR  THE  ESCAPE 
OF  ANY  EXCESS  HELIUM.  A  SIX-INCH  DIAMETER  SLEEVE  WAS  INSTALLED  APPROXI¬ 
MATELY  TEN  FEET  BELOW  THE  TOP  OF  THE  BALLOON  ALLOWING  FOR  INFLATION  OF  THE 
BALLOON  WITHOUT  DEPLOYING  ALL  OF  THE  MATERIAL.  (SEE  FiG.  10.) 

Flight  testing  or  the  balloons  through  use  of  an  altitude  telemetering 

SYSTEM  HAS  DEMONSTRATED  THAT  THEY  ARE  CAPABLE  OF  MAINTAINING  A  SIX-POUND 
PAYLOAD  AT  ROUGHLY  THE  SAME  ALTITUDE  (65,000  FEEt)  FOR  A  PERIOD  OF  SEVEN 

HOURS,  Barring  accidents,  the  balloon  is  dependable  except  at  sunset, 

WHEN  I T  Wia  descend. 

A  Dewey  and  Almy  Corporation  neoprene  balloon  development  has  proven 

HIGHLY  DESIRABLE  FROM  THE  POINT  OF  VIEW  OF  HANDLING  AND  ASCENT  RATE.  T HE 
BALLOON  IS  RELATIVELY  SMALL  (APPROXIMATELY  EIGHT  FEET  IN  DIAMETER)  AT 
RELEASE  AND  THUS  THE  LIKELIHOOD  OF  A  SUCCESSFUL  RELEASE  IN  HIGH  WINDS  IS 

IMPROVED,  (See  Fig.  il . ) 

It  is  similar  in  physical  characteristics  to  the  STANDARD  RADIOSONDE 
BALLOON.  A  VALVE  SYSTEM  IN  THE  INFLATION  NOZZLE  CONFINES  THE  HELIUM  TO 
THE  BALLOON  UNTIL  THE  DIAMETER  OF  THE  BALLOON  REACHES  A  PREDETERMINED 
VALUE.  A  CORO  IS  ATTACHED  TO  THE  VALVE  AND  TO  A  DIAMETRICALLY  OPPOSITE 
POINT  ON  THE  NEOPRENE  SURFACE.  ThE  TOP  OF  THE  BALLOON  LIFTS  THE  VALVE 
WHEN  EXPANSION  OF  THE  NEOPRENE  REACHES  THE  DESIRED  VALUE.  ThE  BALLOON 
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|i> 


constant  altituoc  balloon 


FLOATS  AT  THAT  AUTITUOE  AS  LOHG  AS  THERMAL  EQUILIBRIUM  IS  MAINTAINED.  A 
tlH^LC  METHOD  OE  ALTERING  T  rIE  LENGTH  OE  THE  CORD  PERMITS  SELECTION  OE  THE 
CRUI3E  ALTITUDE  OF  THE  SYSTEM. 

As  CAN  8C  NOTED  IN  FIGURE  12,  ONE  OE  THE  CHIEE  VIRTUES  OE  THE  NEOPRENE  ' 
8ALL00N  JS  ITS  EAST  ASCENT  RATE.  It  CAN  GET  A  PAYLOAD  INTO  A  CONSTANT 
ALTITUDE  POSITION  IN  LESS  THAN  ONE  HOUR.  ThiS  PROVIDES  AN  ADOMIONAL  THREE 
QUAHTERS  or  AN  HOUR  OE  OPERATION  AT  ALTITUDE. 

Also  as  seen  in  Figure  12,  one  or  the  major  problems  relative  to  main¬ 
taining  INSTRUMENTATION  AT  A  CONSTANT  ALTITUDE  CENTERS  AROUND  THE  STABILITY 
or  THE  SYSTEM  AT  SUNSET.  THERMAL  CHANGES  ARE  SUCH  THAT  A  LOSS  Or  ALTITUDE 
IS  TO  BE  EXPECTED.  ThE  VALUE  Or  THIS  CHANCE  IS  DETERMINED  LARGELY  BY  THE 
ABSORPTION  PROPERTIES  Or  THE  BALLOON  MATERIAL  AND  THE  ENCLOSED  GAS.  ThE 
polyethylene  balloon  DESCENDS  AT  A  RELATIVELY  SLOW  RATE,  WHILE  THE  NEOPRENE 
BALLOON  SUrrERS  A  CONSIDERABLY  GREATER  LOSS  Or  LIET.  On  THE  OTHER  HAND, 

THE  MYLAR  BALLOON  SHOWS  VERY  LITTLE  CHANGE  IN  ALTITUDE  BETWEEN  DAY  AND  ' 

NIGHT  OPERATION, 

A  NUMBER  or  DEVICES  ARE  AvAILABLl  WHICH  CAN  PEREORM  THE  rUNCT|ONS 
REQUIRED  TO  MAINTAIN  STABILITY  THROUGH  SUNSET.  In  GENERAL,  HOWEVER,  THEY 
ARC  QUITE  HEAVY  AND  COMPLICATED  FOR  THE  PROBLEM  AT  HAND.  SEVERAL  POSSIBLE 
SOLUTIONS  TO  THIS  PROBLEM  ARE  CURRENTLY  BEING  TESTED. 

THE  FLIGHT  UNIT  POWtR  SUPPLY 

The  INITIAL  POWER  SUPPLY  DEVISED  TOR  THE  ACOUST I C SONDE  WAS  ESSENTIALLY 
THE  SAME  AS  THE  BATTERY  (BA.-259)  WHICH  IS  EMPLOYED  IN  THE  AN/AMT-4  RADIO- 
SONOE  UNIT.  The  primary  OirrERENCE  IS  A  SIGNiriCANT  INCREASE  IN  CAPACITY 
The  UNIT  WAS  designed  to  deliver  30  milliamperes  TO  A  voltage  or  120  volts 
AND  l40  milliamperes  AT  AN  A  VOLTAGE  OP  SIX  VOLTS  FOR  A  PERIOD  OF  12  HOURS,  ^ 

As  IS  ILLUSTRATED  IN  FIGURE  1 3,  THE  BATTERY  IS  A  TWO  LAYER  ARRANGEMENT 

or  Magnesium  -  Cuprous  Chloride  cells.  The  A  celis  are  4"  x  I-I/2"  x  I/8" 

IN  SIZE  AND  THE  B  CELLS  ARE  1-l/4"  X  1-1/2"  X  1/8"  IN  SIZE.  ThE  BATTERY 
IS  ACTIVATED  BY  FILLING  EACH  LEVEL  WITH  WATER  (65  DECREES  F)  WHICH  REMAINS 
IN  THE  BATTERY  FOR  TWO  MINUTES  AND  IS  THEN  DRAINED.  ApTCR  A . -PROX ! MA TE L Y 
TEN  MINUTES  UNDER  LOAD  THE  SYSTEM  IS  IN  OPERATION. 

One  of  the  problems  encountered  in  the  use  of  this  battery  centers 
APOUNO  instability  in  THE  ELECTRICAL  CHARACTERISTICS.  As  IS  ILLUSTRATED 
IN  Figure  14,  the  outputs  are  rather  variable  from  unit  to  unit  and  with 

TIME  AFTER  ACTIVATION.  ThIS  VARIABILITY  IS  MAN  I FE S T C®.  MAH KE DL Y  IN  THE 
INTERNAL  IMPEDANCE  CURVES  OBTAINED  IN  THE  ENVIRONMENTAL  TEST  CHAMBER  AT  THE 
SCMELLENGER  RESEARCH  LABORATORY  BY  PrOFESSOR  H.  N.  BalLARD.  A  HIGH  IMPEDANCE 
POWER  SOURCE  LEADS  TO  FEED-BACK  PATHS  WHICH  ARE  A  BIT  UNUSUAL  AND  REQUIRE 
SOME  DESIGN  ATTENTION.  (SEE  FiGURL  I5.) 
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^10.  l4.  VOLTAGC  OUTPUTS  TOR  TWO  CaQLC  PiCMER  BATTERIES.  DaTA  WAS  OBTAINED 
UNDER  FLIGHT  CONDITIONS  lY  USE  OF  A  SUPPLEMENTARY  TELEMETRY  SYSTEM 
DEVISED  FOR  FLIGHT  TESTING  »Y  MR.  JohN  CoFFMAN. 
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THC  GROUND  STATION 


Thc  ground  station  is  composed  or  the  receiving  and  tracking  equipment 

AS  WELL  AS  A  VARIETY  Of  DATA  HANDLING  AMO  PROCESSING  GEAR,  As  IS  ILLUSTRATED 

IN  Figure  Icj,  the  signal  from  the  balloon-oorne  system  is  detected  and  re¬ 
corded  DIRECTLY  ON  ONE  CHANNEL  OF  A  SEVEN  CHANNEL  FM  TAPE  RECORDER  (MANUFAC¬ 
TURED  BY  Ampek  Corporation,  Redwood  City,  California).  The  detected  signal 

IS  ALSO  passed  through  A  SERIES  OF  FILTERS  AND  THC  FILTERED  OUTPUTS  MAY  BE 
RECORDED  ON  ADDITIONAL  CHANNELS  OF  THC  TAPE  RECORDER. 


A  VIEW  OF  THE  AmPEX  FM  TAPE  RECORDER  IS  PRESENTED  IN  FIGURE  I7.  ThE 
complete  SYSTEM  IS  ILLUSTRATED  ON  THE  LEFT,  AND  INTERIOR  VIEWS  OF  THE  THREE 
HACKS  ARE  PRESENTED.  ThE  FIRST  OPEN  RACK  CONTAINS  THE  75-FOOT  LOOP  OF  ONE- 
INCH  TAPE  AND  THE  SEVEN  RECORD  AND  SEVEN  REPRODUCE  HEADS.  ThE  CENTER  RACK 
CONTAINS  THE  ASSOCIATED  AM  AND  FM  AMPLIFIERS  FOR  PROCESSING  THE  INPUT  MGNAL3 
AND  TRANSFERRING  THEM  TO  THE  STORAGE  RECORDER.  TkE  THIRD  RACK  CONTAINS  THE 
STORAGE  RECORDER,  POWER  SUPPLIES  AND  THC  AUTOMATIC  TURN-ON  DEVICE. 


The  remaining  channel  of  the  tape  recorder  is  used  to  record  the  output 
OF  A  timing  unit  DEVELOPED  BY  TEXAS  INSTRUMENTS,  INCORPORATED,  OF  DALLAS, 
Texas.  The  initial  recording  is  made  on  a  75“P00'r  loop  of  tape  which  con¬ 
tains  THE  INFORMATION  FOR  A  PERIOD  OF  EIGHT  MINUTES  WHEN  THE  SYSTEM  IS  OPER¬ 
ATED  AT  ITS  NORMAL  TAPE  SPEED  OF  ONE  AND  SEVEN-EIGHTHS  INCHES  PER  SECOND. 

During  the  period  in  which  the  signal  is  available  an  integrating  device 

MAKES  THE  DECISION  TO  PERMANENTLY  STORE  THE  DATA  IN  THE  STORAGE  RECORDER  OR 
TO  ALLOW  IT  TO  BE  ERASED.  A  TOTAL  OF  SOME  12  HOURS  OF  DATA  CAN  BE  STORED  AT 
THE  ONE  AND  SEVEN-EIGHTHS  INCHES  PER  SECOND  TAPE  SPEED, 


The  receiving  and  direction  finding  system  consists  of  a  GMD-1  illus¬ 
trated  IN  Figure  i8.  This  instrument  provides  a  record  of  the  azimuth  and 

ELEVATION  angles  OF  THE  TRANSMITTER  AS  WELL  AS  A  DETECTED  OUTPUT  OF  EITHER 
AN  AM  OR  FM  TELEMETRY  SIGNAL.  T HE  DETECTED  SIGNAL  IS  THEN  RECORDED  ON  THE 
AmPEX  FM  RECORDING  SYSTEM.  A  SAMPLE  OF  THE  MODE  OF  PRESENTATION  AND  THE  CODE 
IS  ILLUSTRATED  IN  FIGURE  I9. 


The  timing  unit  is  located  on  top  of  the  storage  recorder  rack.  The 

TIMER  WAS  OESICNEO  TO  PROVIDE  AN  lOENTtFIABLE  PULSE  FOR  EACH  SECOND  OF  A 

36-hour  period.  The  operator  is  expected  to  initiate  the  counting  sequence 

of  the  TIMER  AT  A  KNOWN  TIME.  ThE  ACTUAL  TIME  OF  ANY  SUBSEQUENT  REFERENCE 

PULSE  CAN  THEN  BE  DETERMINED  BY  COM8IMJMG  THE  INITIAL  TIME  AND  THE  LAPSED 
TIME. 


The  signal  detector  unit  is  designed  to  eliminate  the  waiting  periods 

before  THE  DESIRED  EVENT  AND  AT  THE  SAME  TIME  PRECLUDE  THE  POSSIBILITY  OF 
MISSING  THE  SIGNAL.  A  SIMPLE  RC  CIRCUIT  CAN  BE  USED  TO  ACTIVATE  THE  STORAGE 
RECORDER  WHEN  SUFFICIENT  INCIDENT  ENERGY  IS  AVAILABLE.  ThE  ANALYSIS  OF  THE 
DATA  CAN,  THEREFORE,  BE  LIMITED  TO  THC  ACTUAL  SIGNAL  PERIOD, 
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Fig.  i6,  3lock  oiagram  of  the  iNiTiAt  data  handling 

AND  PROCESSING  SYSTEM. 
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The  fjrst  instrument  applied  in  evaluating  the  power  spectra  o^-  the 
OBSERVED  DATA  WAS  A  KaY  ElECTRIC  COMPANY  ViSRALIZER.  ThIS  INSTRUMctVT^ 
ILLUSTRATED  IN  flGURE  20,  TAKES  A  20-3ECOND  SEGMENT  OF  SIGNAL  AND  SCANS  IT 
THROUGH  THE  USE  OF  A  NARROW  BAND  SWEEP  FILTER  SYSTEM  TO  PRODUCE  A  DIAGRAM 
OF  THE  ENERGY  VERSUS  FREQUENCY  AND  TIME.  ThE  INSTRUMENT  ON  THE  RIGHT 
CONTAINS  A  20-INCH  DISC,  ON  WHICH  THE  SIGNAL  IS  RECORDED,  WHICH  IS  COUPLED 
DIRECTLY  TO  THE  DRUM  ABOUT  WHICH  THE  RECORD  PAPER  13  WRAPPED,  A  STYLUS 
FITTED  TO  THE  NOTCHED  SHAFT  IN  THE  CENTER  IS  COUPLED  TO  THE  FILTER  SCANNING 
SYSTEM  AND  AS  THE  ASSEMBLY  TURNS,  A  TRACE,  THE  DENSITY  CF  WHICH  IS  A  FUNCTION 
OF  the  amount  OF  ENERGY  IN  EACH  FILTER  BAND,  IS  BURNED  ON  THE  RECORD. 

The  instrument  can  be  adjusted  to  produce  cross-sections  of  the  signal 
AT  specific  times.  Fhe  output  is  then  prcscnteo  as  a  plot  of  frequency 

VERSUS  ENERGY  LEVEL  ON  EITHER  A  LINEAR  OR  LOGARITHMIC  SCALE.  ThE  INSTRUMENT 
DOES  AN  EXCELLENT  ANALYSIS  IN  REAL  TINE.  A  SAMPLE  OF  THE  RESULTS  OF  AN 
ANALYSIS  PERFORMED  ON  THE  TYPE  OF  DATA  OBSERVED  DURING  THE  ASCENT  PHASE  OF 
THE  BALLOON  FL.GHT  IS  PRESENTED  IN  riGURC  21. 


The  NEED  FOR  REAL  TIME  INFORMATION  ON  THE  POWER  SPECTRA  OF  THE  INCOMING 
SIGNALS  HAS  LEO  TO  THE  DEVELOPMENT  Of  VARIOUS  FILTER  SYSTEMS  WHICH  PROVIDE 
OUTPUTS  DESCRIBING  THE  TOTAL  POWER  IN  THE  SIGNAL  OR  IN  VARlbuS  FREQUENCY 
BANDS.  The  FIRST  SUCH  SYSTEM  WAS  COMSTRUCTED  BY  THE  SCHELLENGER  RESEARCH 

Laboratory  to  analyze  at  5,  7.5,  10,  12.5,  ^5,  17.5/  20,  22.5,  25,  and 

27.5  CYCLES  PER  SECOND.  ThE  OUTPUTS  OF  THCSF.  FILTERS  ARE  RECORDED  ON  A 

Brush  type  multiple  channel  recorder.  (See  Figure  22.) 

The  need  for  faster  analysis  over  a  shorter  period  of  time  led  to  the 
development  of  a  system  produced  by  the  Electronics  Engineering  Company  of 
California,  As  is  illustrated  in  Figure  23,  the  unit  on  the  left  consists 

OF  A  signal  control  UNIT  WHICH  SERVES  TO  ADJUST  THE  GAIN  OF  THE  SYSTEM  TO 
PLACE  THE  PROPER  ORDINATE  ON  THE  SPECTRAL  ANALYSIS,  ThIS  UNIT  IS  TIED  TO 
THE  FLIGHT  UNIT'S  CALIBRATION  THROUGH  A  FILTER  CENTERED  AT  THE  FREQUENCY 
or  THE  BLIPPER  CALIBRATION  SIGNAL. 


One  of  the  panels  contains  a  time  signal  generator  which  provides  a 

CODED  SERIES  OF  PULSES  EACH  OWE  HALF  MINUTE  TO  ASSURE  IDENTIFICATION  OF  THE 
INDIVIDUAL  POWER  SPECTRAL  CURVES.  Tm£  CENTER  PANEL  CONTAINS  THE  FILTER 
SYSTEM  AND  SCANNING  MECHANISM  AND  A  SUITABLE  RECORDER.  ThIS  INSTRUMENT 
CAN  PERFORM  ONE  ANALYSIS  EACH  MINUTE. 

The  second  rack  in  F icuse  23  houses  two  banks  of  filters,  one  series 

or  CMC  TENTH  OCTAVE  FILTERS  AND  ANOTHER  '‘“PIES  OF  1 /2  OCTAVE  FILTERS 
CENTERED  AT  SUSHARMONiCS  OF  100  CYCLES.  HE  OUTPUT  OF  THE  FILTERS  CAN 
BE  RECORDED  DIRECTLY  OR  THEIR  RECTIFIED  OUTPUT  CAN  BE  AVERAGED  OVER  A 
NUMBER  OF  TIME  INTERVALS. 


Samples  of  the  type  of  analyzed  record  which  are 

B/.  OON  ASCFNT  AWE  PRESENTED  IN  FIGURE  2k,  ThE  UPPER 
ANALYSIS  OBTAtNCD  DURING  THE  PERIOD  BETWEEN  THE  LINES 


OBSERVED  DURING  THE 
CURVE  REPRESENTS  THE 
A  AMO  B  ON  THE  F ! LTER 
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OUTPUT  curves.  An  AVC«AG£  or  thc  piltcr  output  CUPVtS  over  that  time  interval 
SHOULD  PRODUCE  VALUES  WMSCH  CORRCSPOMO  TO  THC  VALUES  OF  THE  UPPER  CURVE  AT 
the  center  fREQUCNCY  OF  EACH  OF  TrtE  FILTERS.  ThC  HCRITS  OF  THE  DIFFERENT 
ANALYSIS  SYSTEMS  WILL  DEPEND  LARGELY  ON  THE  USE  TO  WHICH  THEY  ARE  APPl.  ICO. 

CURRENT  OCVELQFMENT 

The  TELEMETRY  SYSTEM  OCSCRI8EO  A»OYE  WAS  DEVELOPED  FROM  EXISTING 

Signal  Corps  equipment,  A  number  or  problems  have  been  encountered  in 

ADAPTING  THE  GIC-1  SYSTEM  TO  THE  MOOU^^A  T I  N»  TECHNIQUES  UTILIZED  AND  IN  OB¬ 
TAINING  THC  DESIRED  RANGE  Of  COMMUN I CAT  IONS .  TmE  FOLLOWING  MATERIAL  OUTLINES 
A  FEW  OF  THE  MORE  PROFITABLE  APPROACMCS  TOWA  CIRCUMVENTING  THESE  DIFFI¬ 
CULTIES. 

A  NUMBER  OF  IMPROVEMENTS  HAVt  BfiN  lljlCORPORATEO  IN  THC  UNIT  PICTURED  IN 

Figure  25,  Field  handling  of  the  battcry  mas  been  eliminated  by  placing  it 

ON  ONE  LEVEL  IN  A  WATER  TIGHT  CHAMBER,  TmC  FLIGHT  CREW  IS  ONLY  REQUIRED  TO 
POUR  INTO  THE  CHAMBER  A  CERTAIN  AMOUNT  OF  THC  ACTIVATING  SOLUTION  AND^  AFTER 
THC  CORRECT  AMOUNT  OF  TIME,  DRAIN  THE  SOLUTION  OUT.  ThC  PORTS  CAN  BE  SCALED 
TO  MAINTAIN  A  NIGH  nCLATIVE  HUMIDITY  IN  THE  CONTAINER  AND  PREVENT  EVAPORA¬ 
TION  OF  THE  battery's  MOISTURE. 

FLIGHT  UNIT  IS  OCSIGNCO  TO  BL  ATTACHED  TO  THE  BALLOON  SYSTEM  BY 
SIMPLY  TYING  THE  SUPPORT  CORO  TO  TMC  BALLOON.  T HE  CUT-DOWN  RELAY  IS 
ACTIVATED  ON  ASCENT  BY  THE  ACTION  OF  A  PRESSURE  CELL  SO  THAT  THEREAFTER 
EITHER  A  LOW  BATTERY  VOLTAGE  (A  BATTERY  LESS  THAN  2.5  VOLTs)  OR  A  DESCENT 
TO  BELOW  A  PRE-SET  ALTITUDE  (45,000  FCET)  WILL  INITIATE  THE  CUT-DOWN  PRO¬ 
CEDURE.  A  SQUIB  IN  A  CUT-DOWN  CANMOM  If  FIRED  IN  EITHER  CASE  BY  THE  REMAIN¬ 
ING  CURRENT  FROM  TME  A  BATTERY  TO  CUT  THE  CORO  ENCIRCLING  THE  FLIGHT  UNIT, 

A  KNOT  IN  THE  CORO  JUST  INSIDE  TMC  LOWER  EDGE  OF  THE  RIGHT  SIDE  OF  THE  BOX 
WILL  CAUSE  THE  UNIT  TO  INVERT,  TMC  BOTTOM  OF  THE  PARACHUTE  COMPARTMENT 
(lower  right)  is  firmly  ATTACHED  TO  TM£  CORO  AND  IS  PULLED  FREE  AS  THE  UNIT 
ROTATES,  A  SMALL  PIECE  OF  TAPE  ATTACHCO  TO  TME  CARDBOARD  BOTTOM  AND  TO  THE 
TOP  OF  THE  MYLAR  PARACHUTE  DEPLOYS  THC  PARACHUTE  BEFORE  PULLING  FREE. 

A  PHOTOGRAPH  OF  ONE  OF  THE  ELECTRONIC  UNITS  BEFORE  IT  WAS  INSTALLED  IN 
THE  FLIGHT  CONTAINER  IS  ILLUSTRATED  ON  FIGURE  26.  ThIS  UNIT  PROVIDES  A 
TELEMETRY  SYSTEM  FOR  THE  MICROPHONE  TO  THC  GROUND  RECORDER  WHICH  IS  FLAT 
WITHIN  ONE  08  FROM  ONE  HALF  CYCLE  TQ  AfOVE  200  CYCLES  PER  SECOND.  WiTH  THIS 
FLIGHT  UNIT  TME  ENTIRE  GROUND  GMD-I  SYSTEM  OPERATES  AT  OPTIMUM  EFFICIENCY. 

The  ELECTRONIC  CIRCUITRY  UTILIZED  IN  TMC  EARLY  FLIGHT  UNITS  PLACED 
CERTAIN  LIMITATIONS  ON  THE  FREQUENCY  RESPONSE  OF  THE  OVERALL  SYSTEM,  AS  DID 
THE  USE  OF  MODULATION  TECHNIQUES  FOR  WHICH  THE  GROUND  DETECTOR  WAS  NOT 
CESIGNEO,  An  effort  WAS  MADE  TO  IMPROVE  TME  TELEMETRY  CHARACTERISTICS  BY 
OESSGNIMG  modulation  CIRCUITRY  WHICH  WAS  COMPATIBLE  WITH  THE  GROUND  SYSTEM 
AMO  AT  TME  SAINC  TIME  PERMIT  COVCRAQr:  QF  TME  ENTIRE  DESIRED  FREQUENCY  BAND. 

A  SIMPLE  DEVIATION  OF  TMC  PULSE  TYPE  OF  TELEMETRY  UTILIZED  FOR  METEOROLOGICAL 
DATA  TRANSMISSION  WAS  OCVISCO  BY  Ntl,  GCORGC  ClARK  AND  IMPLEMENTED  BY  MR  . 
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Fig.  ?7*  Circuit  oiagr.'.m  or  the  pulse  modulated  flight  unit 
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Carlos  MacDonald.  The  rcpctition  rate  or  the  subcarrier  blocking  oscillator 
WAS  increased  to  3,000  CYCLES  PER  SECOND  TO  OBTAIN  THE  DESIRED  FREQUENCY 
RESPONSE.  The  circuit  parameters  are  illustrated  in  Figure  ?7. 

The  need  for  greater  mobility  in  obtaining  research  data  has  led  to 
THE  development  OF  MOBILE  STATIONS  WH.CH  CAN  BE  FLOWN  TO  DESIRED  SITES.  A 
GMD-1  RECEIVER  IS  USED  WITH  A  PORTABLE  ANTENNA  SYSTEM  ( SEE  FlC.  28)  AND  A 

Precision  Instrument  Company  FM  tape  recorder.  (See  Fig.  29.)  This  system 

HAS  PROVEN  efficient  FOR  SHORT  PERIODS  OF  OBSERVATION  AT  REMOTE  POINTS. 

A  BALLOON  DRIFTS  WITH  THE  WIND  AS  IT  FLOATS  AT  CONSTANT  ALTITUDE. 

Under  the  more  favorable  wind  conditions  encountered,  the  bai loon-borne 
transmitter  will  stay  within  line  of  sight  of  the  ground  station  for  the 
ENTIRE  life  OF  THE  BATTERIES.  UNDER  THE  MORE  UNFAVORABLE  CONDITIONS  ONE  MAY 
EXPERIENCE,  THE  TRANSMITTER  GOES  OVER  THE  RADIO  HORIZON  BEFORE  REACHING 
ALTITUDE  AND  NEVER  GETS  BACK  INTO  THE  FIECD  OF  VIEW.  OnE  CAN  USE  A  REMOTE 
RELEASE  POINT  OR  A  NUMBER  OF  STRATEGICALLY  PLACED  GHD-Ts,  BUT  THE  SYSTEM 
BECOMES  QUITE  COMPLICATED.  ThE  FOLLOWING  IS  AN  ATTEMPT  10  OBTAIN  EXTENDED 
RANGES  FROM  A  SINGLE  STATION. 

The  Ramo-Woolor idge  Corporation  designed  a  system  with  the  objective 
OF  EXTENDING  THE  LIFE  OF  A  FLIGHT  UNIT  TO  24  HOURS.  (SEE  FlC.  30*)  O^E 
REQUIREMENT  PLACED  ON  SUCH  A  SYSTEM  IS  THAT  IT  MAINTAIN  COMMUNICATIONS 
OVER  A  RANGE  OF  AT  LEAST  600  MILES.  TmIS  IS  ACCOMPLISHED  BY  USE  OF  SKY 
WAVE  PROPAGATION  IN  THE  3‘5  ^0  MEGACYCLE  FREQUENCY  RANGE.  ThE  FLIGHT 
UNIT  IS  INTERROGATED  91.3  TIMES  PER  SECOND  TO  DETERMINE  THE  RANGE  FROM  THE 
GROUND  STATION  TO  THE  BALLOON.  A  PHASE  RELATING  TECHNIQUE  PERMITS  EVALUA¬ 
TION  OF  THE  AZIMUTH  DIRECTION  OF  ARRIVAL  OF  THE  RETURN  PULSE.  ThE 
ACOUSTIC  DATA  IS  IMPOSED  ON  THE  FLIGHT  UNIT  CARRIER  ABOUT  9^  PERCENT  OF  THE 
TIME. 


A  VIEW  OF  THE  FLIGHT  UNIT  IS  PRESENTED  IN  FiGURE  3^  •  ^  1 5  ITEM  WAS 

DESIGNED  AND  BUILT  BY  TEXAS  INSTRUMENTS,  INCORPORATED,  OF  DALLAS,  TEXAS, 

A  TWO-WATT  TRANSMITTER,  A  SENSITIVE  RECEIVER,  PULSE  GENERATING  CIRCUITS'' 

AND  PROVISION  FOR  CHANGING  FREQUENCIES  AT  SUNSET  AND  SUNRISE  AF.E  INCLUDED. 

The  power  supply  is  designed  to  provide  operation  of  the  unit  for  a  24-mour 

PERIOD. 

The  ground  station  for  the  long  range  communications  sytem  was  designed 
and  fabricated  by  THE  RaMO-WOOLOR I OGE  CORPORATION  OF  LOS  AnGELES, 

California.  (See  Fig.  32.)  A  200-mi crosecono  pulse  is  sent  to  the  balloon 
UNIT  BY  THE  100-WATT  TRANSMITTER  (0C  6lO).  ThE  RETURN  FROM  THE  BALLOON 
TRANSMITTER  IS  THEN  OETECTrO  WITH  RECEIVER  UNIT  R  39®  *^0  THE  TRAVEL  TIME 
OF  THE  EXCHANGE  IS  E  VAl At  C,  L  flY  THE  UNIT  ON  THE  LEFT.  T  HE  DT  SECTION  OF 
THE  GROUND  STATION  IS  NOT  SHOW!  . 

The  SYSTEM  is  designed  to  maintain  COMMUNICATIONS  WITH  THE  BALLOON 
OVER  A  600-MILE  RANGE.  EXPERIMENTAL  DATA  WILL  BE  OBTAINED  CN  A  SERIES  OF 
TEST  FLIGHTS  TO  ESTABLISH  THE  FEASIBILITY  OF  THE  TECHNIQUE  AND  TO  EVALUATE 
THE  BACKGROUND  NOISE  LEVEL  WHICH  WILL  BE  ENCOUNTERED. 
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fiG.  29.  Pnccision  pm  ta^c  mccomocm  used  in  mobile 
installations. 
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Ramo-Woolobidgc  Cobporatiow, 


CONCLUSION 


The  systems  ano  techniques  described  above  represent  a  first  approach 

TO  A  difficult  PROBLEM.  T HE  DEVELOPMENT  OF  RESEARCH  AND  TESTING  TECHNIQUES 
HAS  PROCEEDED  CONCURRENT  WITH  THESE  INITIAL  SOLUTIONS  TO  THE  DATA  ACQUISI¬ 
TION  AND  PROCESSING  PROBLEMS.  An  IMPROVED  CAPABILITY  IS  THEREFORE  AVAILABLE 
TO  APPLY  TOWARD  SOLVING  THE  PROBLEMS  WHICH  CURRENTLY  ARE,  OR  CAN  BE,  EXPECTED 
TO  IMPEDE  PROGRESS. 

O  IMMEDIATE  SIGNIFICANCE  IS  VHE  FACT  THAT  INSTRUMENTATION  IS  NOW 
AVAILABLE  WHICH  CAN  BE  USED  TO  OBTAIN  DATA  OF  SUFFICIENT  FIDELITY  TO  PERMIT 
SERIOUS  STUDY  OF  THE  ATMOSPHERIC  PRESSURE  DISTURBANCES  GENERATED  BY  MISSILE 
FLIGHTS.  One  MAY  EXPECT  THAT  ANALYSIS  OF  THE  POWER  AND  FREQUENCY  COMPOSI¬ 
TION  OF  SUCH  SIGNALS  WILL  PROVIDE  NEW  INSIGHT  RELATIVE  TO  THE  GENERATION 
AND  PROPAGATION  OF  BALLISTIC  DISTURBANCES.  SuCH  STUDIES  ARE  ACTIVELY  UNDER 
WAY. 
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